Abstract. The foundation pit is a three-dimensional space system with length, width and height. The current code is designed according to the plane problem. It does not consider the space effect of foundation pit. Based on the numerical model, the effects of the ratio of depth to length and the ratio of the distance of pit angle to the length of pit on the spatial effect was studied. It provides the basis for optimal design of deep foundation pit. The results are as follows, when the ratio of depth to length of foundation pit is less than 1/8, the deformation in the middle of foundation pit is close to that in plane strain design. The influence coefficient of foundation pit space changes exponentially with the ratio of the distance of pit angle to the length of pit edge. The influence coefficient of foundation pit space changes exponentially with the ratio of foundation excavation depth to pit length.
Introduction
Conventional foundation pit design is treated as a plane strain problem. The foundation pit has a three-dimensional space system of length, width and height. It is simply regarded as the plane strain problem which obviously causes the waste of materials and the increase of cost. The research on the spatial effect of foundation pit is widely concerned by scholars at home and abroad. Wu Zhimin [1] found that the influence range of foundation pit space is about 1 times of the depth of the pit. Yang Guowen [2] found that the acting region of deep foundation pit space effect is generally 2 to 3 times the depth of the pit. Clough and O'rourke [3] found the maximum settlement on the surface within the range of 0 to 0.75 times the depth of the pit. Yang Xueqiang et al. [4] found that some areas in the middle of the long side slope wall of the foundation pit were less affected by the spatial effect. Yu Jianlin et al. [5] found that the horizontal deformation of the long side slope wall would increase as the ratio of long side and short side length of the foundation pit gradually increased. Ou et al. (1993 [6] , 1996 [7] ) found by comparing two-dimensional and three-dimensional finite elements that the influence area of the pit angle effect was about 1 times of the excavation depth. Lin D.G [8] et al. studied the qualitative relationship between the long side and short side, plane strain rate and foundation pit depth. It is found that if the depth of foundation pit is less than 25 meters, the ratio of length side to short side is less than 3.5, and the plane strain rate is less than 0.9, the influence of pit angle effect must be considered. Wong [9] et al. believed that the ground subsidence was larger near the central part of the support structure. For the case of large long and deep ratio, the influence of pit angle cannot be confirmed. Dysli [10] et al. obtained the conclusion that the ground settlement was larger in the middle of the branch structure through field observation. Zheng Cheng, Zheng Zuogang [11] et al. found that the ratio between the influence range of spatial effect and the long side of pile anchor support structure was 1/8. Ren Yanhua et al. [12] found that the main influence range of the spatial effect along the direction of the retaining wall is about twice the depth of the pit during the deep foundation pit excavation. Shen Haiping et al. [13] found that the main influence range of the spatial effect of the pile anchor support structure is within 13m of the pit angle, and the secondary influence range is between 13 and 15m from the pit angle to the midpoint. Li Hao et al. [14] showed through field test monitoring results that the influence range of the boundary effect at the foundation pit angle was approximately 1 times the depth of the foundation pit. Ding Jihui [15] et al. analyzed the spatial effect of soil pressure on the cantilever support structure of deep foundation pit based on elastic resistance method, and proposed the calculation method. At present, the research on space effect mainly focuses on the relationship between the influence range, the length of foundation pit and the depth of foundation pit. Many scholars have studied single foundation pit. The linear relationship between the space effect of foundation pit and the length of foundation pit and the depth of foundation pit is limited. The space effect of foundation pit is related to the length and depth of foundation pit. The effect of the ratio of excavation depth to foundation pit length on the spatial effect is studied. The influence of the ratio of the distance of different pit angles to the length of pit edge on the spatial effect is studied. The function relation between the distance of the pit angle and the length of the pit side, the length of the foundation pit side and the space effect coefficient is presented.
Establish the Numerical Model Project Overview
A high-rise residential building in Handan has 19 floors above the ground, 2 stories underground and a frame shear wall structure. The depth of foundation pit excavation is 10.0 m. The physical and mechanical properties of the soil in the main investigation area are shown in Table 1 . In order to facilitate calculation, the weighted average parameter is used to simulate the spatial influence area of deep foundation pit. 
Basic Assumptions
According to the actual situation of numerical simulation, the model of deep foundation pit is simplified for the convenience of analyzing the deformation of foundation pit.
(1) The thickness and properties of the same soil layer are not considered. Each soil layer within the influence range of foundation pit excavation is assumed to be uniform and isotropic elastoplastic.
(2) The mohr-coulomb model was selected as the constitutive relation of soil. The supporting structure is considered as the ideal elastic material.
(3) In the process of foundation pit excavation, it is assumed that the parameters of soil and supporting structure do not change.
Influence of Foundation Pit Size on Spatial Effect
Define the influence coefficient of spatial effect, K= w/w plane.
In the above equation, K is the influence coefficient of spatial effect. w is the horizontal displacement of the top of the foundation pit. w plane is the horizontal displacement of the top space corresponding to the plane strain problem. The influence of pit angle effect decreases with the increase of spatial influence coefficient. When K<1, the foundation pit is within the influence range of spatial effect. When K=1, the foundation pit deformation completely reaches the deformation state designed by plane strain theory.
The influence of the plane size of foundation pit on the spatial effect of foundation pit is considered. The depth of foundation pit excavation is 10 m, the width of foundation pit is 40 m, and the length of foundation pit is 10 m -100 m. The distribution of spatial influence coefficient K under different the ratio of the distance of different pit angles to the length of pit edge is shown in Fig. 1 . When the depth and width of the foundation pit remain unchanged, the influence coefficient of the spatial effect at the maximum deformation in the middle of the foundation pit increases with the decrease of the ratio of depth to length. As can be seen from Fig. 1 , the spatial influence coefficient in the middle of the slope crest reaches 0.95 when the the ratio of excavation depth to foundation pit length is reduced to 1/8. The deformation is close to the deformation state designed by plane strain theory. Fig. 2 shows the distribution of the spatial influence coefficient K at different ratios of depth to length and different distances from the pit angle. In the design of foundation pit, the size of foundation pit is defined, and the design of foundation pit is partitioned and optimized on the basis of the spatial effect coefficient K at different positions from the pit angle. The safety reserve is considered according to the actual situation. Take the foundation pit with H/L=0.3 as an example. As shown in Fig. 2 , the spatial effect coefficient at the center of the foundation pit is 0.65. It shows that the maximum deformation of foundation pit is far from the deformation state designed by plane strain theory. x /L of foundation pit is within the range of 0~0.1, and the influence coefficient of spatial effect is 0.3. x /L of foundation pit is within the range of 0.1~0.2, and the influence coefficient of spatial effect is 0.4. x /L of foundation pit is within the range of 0.2~0.3, and the influence coefficient of spatial effect is 0.5. x /L of foundation pit is within the range of 0.3~0.5, and the influence coefficient of spatial effect is 0.65. The design of foundation pit is partitioned and optimized according to the influence coefficient of spatial effect, which makes the design more perfect.
Study on the Influence Coefficient of Foundation Pit Space Effect
The spatial effect of foundation pit is related to the length and depth of foundation pit. According to the relation between x/L, H/L and the influence coefficient of spatial effect, the spatial influence coefficients of the different excavation depth and the different distance of pit angle were obtained by calculation. It provides basis for optimal design of foundation pit. The analysis of Fig. 3 shows that the relationship between the spatial effect influence coefficient and x/L is an exponential function.
When H/L is constant, the exponential function is used for fitting, 
Conclusion
(1) When the width and depth of the foundation pit remain unchanged, the influence coefficient of the spatial effect at the maximum deformation in the middle increases with the decrease of the ratio of depth to length. When the ratio of depth to length drops to 1/8, it is close to the deformation state designed by plane strain theory.
(2) In the design of foundation pit, the size of foundation pit is defined, and the design of foundation pit is partitioned and optimized on the basis of the spatial effect coefficient K at different positions from the pit angle.
(3) When the ratio of depth to length is constant, the influence coefficient of foundation pit space changes exponentially with the ratio between the distance of pit angle and the length of pit edge. When the ratio between the distance of pit angle and the length of pit edge is constant, the influence coefficient of foundation pit space changes exponentially with the ratio of foundation excavation depth to pit length.
